P g

SECURITY INFORMATION -
Copy ©

NACA RM AbH3123

.-CONFIDENTIAL RM A53123

o S
: " . 1

RESEARCH MEMORANDUM

DOWNWASH BEHIND A TRIANGULAR WING OF ASPECT RATIO 8 -
TRANSONIC BUMP METHOD
By John A. Axelson

Ames Aeronautical Laboratory
Moffett Field, Calif.

Qe _CANCELLED !
CLASSIMCATION . LIBRARY Copy

i G WS et
puthariy AL £ Y 3L J--Dete Lo cp bee - ‘
‘19531

T T S T Seh e LAN
R i o WLt b ANCLEY Aekompypeyy 4y
....... LANGL cLHRARY, yypy " ORATORY
________________________ Y F,ELD. V"R(’-'Ml
CLASSIFIED DOCUMENT ; «

This material contalns Information affeciing the National Defense of the United States within the meaning
of the esplopage laws, Titls 18, U.8.C., Secs. T83 and 784, the transmiasion or revelation of which in any

NATIONAL ADVISORY COMMITIEE
FOR AERONAUTICS

WASHINGTON
December 1, 1853

CONFIDENTIAL




A Technical Library

A

HACA RM A531I23 3 1176 01434 7976

-

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

DOWNWASE BEHIND A TRIANGUIAR WING OF ASPECT RATIO 3 —
TRANSONIC BUMP METHOD

By John A. Axelson
SUMMARY

An investigstion of the 1ift, drag, pitching-moment, and downwash
characteristics of a triangular wing of aspect ratio 3 heving an
NACA 63A006 section has been conducted at Mach numbers from 0.6 to 1.1
through the use of the transonic bump of the Ames 16-foot wind tunnel.
The corresponding Reynolds numbers based on the mean serodynamic chord
of the wing varied from 1.8 million to 2.% million.

Downwash was measured by means of an all-movable horizontal tail
at five locations, Expressed in wing semispans, the tell heights
were O, 0,20, and 0.40 at a tail length of 1.33, and a tail height
of 0.0 at a tail length of 1.00, the tail lengths being measured aft
from the lateral axis through the quarter point of the mean aerodynamic
chord of the wing. The angle-of-attack renge extended beyond that for
wing stall at all but the highest Mach number of 1,10.

INTRODUCTION

Wings of triangulaer plan form have agsumed considerable lmportance
in the design of high-speed alrcraft because of thelr aerodynamic and
structural properties. Recently & comprehensive comparison of theoret-
ical and experimentel aerodynamics of triangular wings in combination
with a body has been published in reference 1 for both subsonic and
supersonic speeds, Only limited information exists, however, on down-
wash and its related effects on horizontal talls used in conjunction
with triangular wings. Methods for predicting downwash have been limited
to ldealized conditions and are not generally suitable for higher angles
of attack at transoniec and supersonic speeds, as shown in references 2
and 3.

Earlier experimental investigations of the transonic downwash of
trianguler wings are presented in references 4, 5, and 6. 1In reference 4,

.
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an investigation of a wing having an aspect ratio of 2 and a modified
NACA 0005 section is reported; while in references 5 and 6, studies of
wings of aspect ratio 4 having an 8-percent-thick, modified double-wedge
section and an NACA 65A006 sectlon, respectively, are reported. A some-
what limited range of tail logations was covered in reference 4; while
in references 5 and 6, the maximum angles of attack were 8° and 10°,
respectively. In the present report, transonic downwash results for a
triangular wing having an aspect ratio of 3 are presented over & wide
range of angles of attack up to slightly beyond stall for all but the
highest test Mach number of 1.1l0.

Many factors enter the choice of tail location. The earlier
studies reported in references 4 and 5 and low-speed investigations
reported in references 7, 8, 9, and 10 concluded that generally superior
longitudinsel stability characteristics resulted with the horizontal tail
on or near the extended plane of the wing., Placing the tail above the
wing plane usually resulted 1n adverse atebility characteristiles because
of the regions of excessive downwash which occurred at moderate and high
1ifts and which, when actling on the tail, resulted in a destabllizing
contribvution from the tail, Comsideratlon of additional factors, how-
ever, such as the necessary tall-to-ground clearence at the high angles
of attack required for landing =nd take-off, the effects of landing-flap
deflection, the wake of the wing end its possible influence on tail
buffeting, and the necessity of keeping the tall out of the blast from
jet engines has prompted many designers to choose high, forward loca-
tions, near or atop the vertical tail. Another adventage of such a
placement is the possible ilmprovement of the effectiveness of the verti-
cal tall as discussed, for example, in reference 1l. In light of the
foregolng conslderations, a wide range of tall positions was covered in
the present investigation, including a high position involving a short
tall length. The tail positions and the teill plene used for measuring
the ineclination of the air stream are shown in figure 1.

SYMBOLS
b wing span, ft
Cp drag coefficient, gggg
lift

Cr, 1ift coefficlent, ——
qs

Cnm pitching-moment coefficient referred to the gquarter point of the

wing mean aerodynamic chord, Ritching moment
qSce

c local wing chord, £t
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ol

b/é
f c2ay
mean aserodynemic chord, ‘22 , £t

Jcb/éc a5

ig tall incidence angle, measured from wing chord plane, deg

M free-gtream Mach number

My local Mach number

q free-gtream dynamic pressure, Ibfsq £t
S wing area, sq £t

¥ lateral distance along wing span

a angle of attack, deg

effective downwash engle, deg

i rate of change of effectlve downwash angle with angle of attack

APPARATUS AND TESTS

Wind Tunnel and Equipment

The model was tested on the transonic bump of the Ames 16-foot
high-speed wind tunnel. A description of the bump may be found in
reference 12, Lift, drag, and pitching moments were measured by means
of an electrical-type strain-gege balance mounted inside the bump.

Description of the Model

A photograph of the model witk the horizontal tall in position 3
is shown in figure 2; the geometrlic and dimensional data are presented
in table T and figure 1. The -tail had the same plan form as that used
in the earlier investigation reported in reference 4, but the thickness~
to-chord ratio was increased to 5.46 percent. There was & gap of
approximately 1/16 inch between the tail and the plate. All components
of the model were made of steel.
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Evaluation of Mach Number

Typical contours of the Mach numbers measured over the bump with
no model present are shown in figure 3, where the outliine of the model
has been superimposed to indicate 1ts relatlve position. Mach number
gradients existed over the model, becoming more pronounced at the
highest speeds, but no attempt has beer made to evaluate their effeects.
The free-stream Mach numbers shown 1n the results are the averages exlist-
ing cover the wing of the model. The free-stream dynamle pressures cor-
responded to these free-streem Mach numbers. The Mach number range
extended from 0.60 through 1.10, with a corresponding Reynolds number
range from 1.8 million to 2.4 million, based on the mean aerodynamic
chord of the wing. '

Precision

The precisions of the measurements presented in this report have
been established from consideretions of repeatability of dats for
identical conditione, sensitivity of the measuring and recording instru-
ments, and other sources of error such as the downward stream ineclina-
tion which prevailed over the bump. The Mach numbers are accurate
within 20.,01; the 1ift coefficlente are accurate to +0.005; while the
drag and pitching-moment coefficlents are sccurate to +0.,001. The model
angle of attack with respect to the bump and the tall incidence was set
within $0.1°, but a downflow of the alr stream prevailed over the bump
and varied slightly with Mach number. A uniform correction of -0.6°
has been applied to the angle of attack in the 1ift curves for the baslec
wing shown in figure %, and a corresponding drag correction of -0.010 Cy,
has been applied to the drag polars in figure 5. The downwash angles
were determined from the varistions of pitching-moment coefflclent with
sngle of attack and, subject to their corresponding precisions, were
accurate within +0.3°. The parameter de/da was evaeluated within +0.08.

Procedure

The 1ift, drag, and pltching-moment characteristics of the wing
were determined as part of & systematic wing-plan-form investigation
being conducted in the Ames 16-foot wind tunnel. To obtain the charac-
teristice of the wing alone, the wing was tested in the position indi-
cated in figure 3, and a plate smaller than that shown in figures 1
through 3 was used at the root of the wing. In addition to the pre-
viously mentioned corrections for stream inclination, the drag tare of
the small plate has been subtracted from the results for the wing alone.
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The effective downwash was evaluated by applying the relation
€ =a + it to the intersection points of the tall-on and tail-off
pitching-moment curves, these polnts representing conditions where the
pitching~-moment contributlion of the tell was zero. Since the plate
shown in figures 1 and 2 was attached for both the tail-on and tail-off
pitching-moment measurements used in evaluating downwash, no plate tare
corrections have been applied, because the intersection points, of
primary interest here, would be unchanged.

RESULTS AND DISCUSSION

Bagic Wing Characteristics

The 1ift, drag, and pitching-moment characteristlics for the basic
wing, presented in figures 4, 5, and 6, respectively, show that at
angles of attack sbove 8°, reductions occurred in the lift~curve slope
at all Mach numbers and in the static longitudinel stabillity at all
subsonlie Mach numbers. At supersonic Mach numbers, the reduction in
static longitudinal stabllity occurred at a higher angle of attack,
around 18°, 1In addition, at lower 1i1ft coeffliclents the statlic longi-
tudinal stability increased with increasing Mach number. Such charac-
teristics, while presenting problems of aerodynamic-center travel, are
common to most triangular wings. The same general trends were reported
in references 1 and 13, which present evidence that the decrease in
static longitudinal stability above 8° at subsonic Mach numbers does not
occur for wings having aspect ratios of the order of 2 or less. In
reference 13, the tips were removed from a triangulsr wing of aspect
ratio 3 which had exhibited the decreased subsonlc stability at high
angles of attack, The aerodynamic characteristics of the resulting
trapezoldal wing of aspect ratio 2 differed little from those of a
trienguler wing of equal aspect ratio, neither of which exhibited the
decreased stability. As indicated in figure U4, maximum 1ift wase
obtained during the present investigation at an angle of attack of
gbout 24° at all test Masch numbers except 1.10.

Stebility Contribution of the Tall

The variations of pitching-moment coefficient with angle of atteck
shown 1n figure T for the model with the tall in each of the four
positions Indicete the most favorable longlitudinal stebility character-
istics with the tail in the plane of the wing (position 1). In each of
the other three poslitions, the taill was destabilizlng over most of the
range of angles of attack between 100 and 24°. In positions 2 and 3 the
destabllizing effect was greater and occurred at lower angles of attack
than in position Y4, the latter involving a shorter tail length and a
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correspondingly smaller tall effectiveness. The varlations of pitching-
moment coefficlent with angle of attack for several incidences of the
tail in each of the four poeitions are shown in figures 8 through 11,
the reduced spacing of the curves in the latter figure giving sn indi-
cation of the reduced effectiveness of the tall in position 4. The
Increase 1n the slopes of the curves at the higher Mach numbers 1s
largely & result of the increased static longiltudinal stability of the
wing as was mentioned in reference to figure 5. Although triangular
wings are often used with no horizontal tail, the addition of & hori-
zontal tail, while a possible source of drag, generally improves the
landing and take-off performance as discussed in reference 7. The tail
also provides damping of the short-period longitudinal oscillation
which may become critical at transonic speeds for tailless alrcraft
employing triangular wings of aspect ratio greater than about 2, accord-
ing to evidence presented in reference 1k,

Downwash

The variations of effective downwash angle with angle of attack for
each of the four tail locatlons are summarized in figure 12, and the
rates of change of downwash angle wlth angle of attack are shown in
figure 13, The results for position 2 at negative angles of attack may
be consldered as representative of a fifth tail position at the same
tail length but below the wing chord plene extended. Over the range of
angles of attack between 180, the downwash and de/dm were greatest in
poeltion 1 and about equal in the other tall locations. At angles of
attack sbove 10°, the smallest downwash occurred in position 5, where
the tall might be expected to contribute more to the stabllity then in
the other positions. The smeller downwash in position 5 (below the
wing plane extended) might be importent during landing or take-off
because the decreased downwash would tend to reduce the angle of sttack
for teil stall of a fixed surface or to increase gresatly the range
required of a moveble surface.

The rates of change of downwash angle with angle of attack shown
in figure 13 exceeded unity for positions 2, 3, and 4 in the range of
angles of attack between sbout 10° and 24°, which, of course, accounts
for the destebilizing effect of the tall noted earlier in reference to
the pitching-moment curves in figures 7 through 11. At low angles of
attack, the greatest varlation in de/da wlth increasing Mach number
occurred In position l. The effects of Mach number are believed to bhe
primerily assoclated with changes in the wing-section loading
characteristics,

The two distinet portions of the curves in figure 13 may be related
to the two phases of loading which occur on triangular wings. Up to
angles of attack of about 89, the flow i1s attached over the entire spen
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and the section 1ift curves for the inner portion of the gapan have
relatively low slopes (ref. 15) characteristic of wings of low aspect
ratio. In the range of angles of attack between about 10° and those
near maximum 11ft, stall progresses inward from the tips, the section
1ift curves for the inner part of the span have greatly increased
slopes, and there 18 an almost llnear reduction in the span of the
trailing vortex with increasing angle of attack (fig. 15 of ref. 16).

A further understanding and possibly a useful correlation of the down-
wash results might be possible if the corresponding section 1lift charac-
teristics of the inner portion of the wing span were availeble, since
this part of the wing had the predominating influence on the downwash
at the tall locations covered in the present lnvestigation. The develop-
ment of a satisfactory analytlcal method for correlating or predicting
downwash requires an understanding of the load distribution on tri-
angular wings, including the effectis of angle of attack, Mach number,

Revnolds 'm1m'h¢=r- gection, and asnect ratic. It is recommended. there-

TEN Y TR AR R T TEE Y J TEes WD - = e =2

fore, that future research on the downwesh characteristies of tri-
angular wings should, where possible, include the determination of the
load distribution on the wing.

CONCLUDING REMARKS

Downwash measurements have been presented for seversl tail loca-
tions behind a triangular wing having an aspect ratio of 3 for Mach
numbers from 0.6 to l1.l. The relationship of downwash and of tail
contribution to the static longitudinal stability of the wing have been
discussed.

For angles of attack below 8°, the downwash and rate of change of
downwash with angle of attack were greatest in the wing plane extended
(position 1). Correspondingly, the smellest tall contribution to static
longltudinal stebillity occurred here. The variations of downwash with
angle of attack were qualitatively the same at the other tail locations
for angles of attack below 8°., The largest variations of downwash with
increasing Mach number occurred 1n position 1.

At angles of attack above 10°, the rates of change of downwash with
angle of attack exceeded unity at the three tail locations above the
wing plane extended (positions 2, 3, and L4). The tail was, therefore,
destablilizing, but the reduced tall length assoclated with the high,
forward location (position %) resulted in the smallest effect of the
tall on the static longitudinsl stabliity. Large reductions in the
rete of change of downwash with angle of attack occurred at the lower
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tail locations (poaitions 1 and 5) at angles of attack above 10°, with
correspondingly large lncreases in the tall stability contributions.

Ames Aeronautical Laboratory

Te

Natlonal Advisory Committee for Aeronsutics
Moffett Field, Calif., Sept. 23, 1953
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TABLIE I.- GEOMETRIC CHARACTERISTICS

NACA RM A53I23

OF THE MODEL

Semispan wing

Area, 89 £t e s & o @ .
Semis‘pa.n, ft « o o e o .
Root chord, £t . . . . .
Mean aerodynamic chord, ft
A.Bpect ratio . « e o o s o o
Taper ratio " & o o o o o =
SeCtion ¢ s o ¢ o o ® ® & e« v o @ @

2 e e e o @

Horizontal tail (all-movable)

Exposed ares, 8q £t ¢« o o
Exposed semispan, ft
Root chord, iige e o »
Tip chord, ft « « « &
Taper ratio « ¢ « «
Agpect ratio « « o
Hinge line, percent chord
Thickness, percent chord
Section e & o 8 ¢ e s s @

e o o o @

e o o o @
. L L] L] [ ] . . -
[ ] L] L] L * L] [ ] ]
o o & o o @ 9 o
* 2 & ¢ 6 o a @
e a » o o o o @
e« 2 @ o ¢ o a @
- L) L) L] . L[] [ ] »

expressed in wing semispans)

Position Height
1 0

2 «20

3 .ll'o

y e}

85 -.20

L] [ ] L] L * L] L N

L) L .I. L . ®

d

Modified do

f

Length

1.33
1.33
1.33
1.00

1133

0.260
0.625
0.833
0.5%

3.00
e L] 0

e o 0,022
0.211
Oolh‘l
0.071
0.500

4,00

50.0
. 5.46
uble wedge

Tail positions (Tail heights from the wing plane and tail lengths
from the quarter point of the mean aerodynamic chord of the wing,

80btained by using the data for position 2 in the negative angle-of-

attack range
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Figure l.- Dimenslonal details of model.
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Figure 2.~ Photograph of the model.
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